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RESEARCH MEMORANDUM

SPIN AND RECOVERY CHARACTERISTICS OF A MODEL OF A
FIGHTER TYPE OF AIRPLANE WITHOUT A HORIZONTAL
TAIL AND HAVING EITHER A SINGLE VERTICAL
TATL OR TWIN VERTICAL TATIIS

By Lawrence J. Gale and Norman E. Pumphrey
SUMMARY.

An investigation has been conducted in the Langley 20-foot free-
spinning tunnel on & model of a fighter type of airplane without a
horizontel tail and bhaving either a single vertical taill on the fuse-
lage or twin vertlcal tails on sweptback wings.

The investigation indicated simllar spln and recovery character-
istics for either tall configuration tested at a given mess distribution.
For a mass distribution chiefly along the wings, the vertical tail
surfaces were not adequate for recovery from the spin. When the msss
was distributed chiefly along the fuselsge, however, elther vertical-
teil configuration, when in & rearward position, was effective in satis-
factorily terminating the spin. ‘

INTRODUCT ION

Because "of Interest recently shown by aircraft .designers in the
relative merits of single- and twin-vertical-tail configurations on
fighter types of airplanes having no horizontel tail, an investigation
has been conducted in the Langley 20-foot free-spinning tunnel to
compare the spin and recovery characteristics of several configurations
of a swept-wing model of such an airplene. The investigation included
tests of the model with either a single vertical tall mounted on the
rear of the fuselage or wlth twin vertical tsils mounted on the wings.
The investigation also included tests of the model when losded elther
chiefly along the wings or chiefly elong the fuselsage.
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SYMBOLS
wing span, feet

wing area, square feet

messg of airplane, slugs

moments of inertis asbout X, Y, and Z body axes,

respectively, slug-feet square

inertia yawing-moment parameter
inertia rolling-moment parameter

inertia pitching-moment parameter

air density, slugs per cubic foot

airplane relative density 6%%3

angle between fuselage reference line and vertical
(approx. equal to absolute value of angle of attack
at plane of symmetry), degrees

angle between span axis and horizontal, degrees
full-scale true rate of descent, feet per second

full-gcale angular velocity sbout spin axis, revolutions
per second

APPARATUS AND METHODS

Model

A model of a swept=wing fighter airplane having no horizontal tall,
used for the current investigation, was so constructed that it could be
tested with either a single vertical tail mounted on the rear of the _.
fuselage or twin vertical tails mounted on the wings. The twin vertical
teils mounted on the wings were located at the inboard end of the wing
control surfaces (approximetely 44 percent out on the wing semispan).
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The area of eech of the twin vertlcal taills was equel to the area of the -
single vertical teil but the tail length for the twin tails was approxi-
metely one-helf the tail length of the single ta2il. Thus the tail

volume (aree of surface times tail length), & convenient method for com-
paring tails-in normal flight, was spproximately equal for each tail
configuration.

Three-view drawings of the model with the single vertical tail
mounted on the rear of the fuselage and twin vertical teils located on
the wings are presented in figure 1. A photogreph of the model with the
gingle vertical tall mounted on the fuselage 1s presented iIn figure 2.
For some of the tests, the tail volume was incressed by approximetely
one-third by moving the tails rearward ss shown in figure 3. Table I
presents the full-scale dlmensional characteristice of a corresponding
airplane if the scale of the model is assumed to be 1/20.

Latersl and longitudinal controls were combined in one psir of
control surfaces called elevons. Iongitudinael control was obtained by
deflection of the elevons in the same direction and lateral control was
obtained by deflectlon of the elevons differentially. Hereafter, in
this paper, elevon deflections for longitudinal and lateral control will
be referred to, for simplicity, as elevator and aileron deflectiomns,
respectively. )

The model wes ballssted by the lnstallation of lead weights to
obtain dynamic similarity to & corresponding alrplane spinning et an
altitude of 15,000 feet (p = 0.001496). A remote-control mechanism was
installed in the model to actuate the rudder control for spin-recovery
attempts. Sufficlent moment was exerted on the rudder control to move
the surfaces fully and rapidly to the desired position.

Wind Tunnel and Testing Technique

The tests were performed In the Langley 20-foot free-spinning
tunnel, the operaticn of which is generally similar to that described
in reference 1 for the langley 15-~foot free-spinning tumnel. The models,
however, are now launched by hsnd with spinning rotation into the vertil-
cally rising ailr stream rather than being launched from & spindle. The
glrspeed is adjusted until the drag of the model balsnces the weight
and, after a number of turns in the established spin, recovery 1s
attempted by moving one or more controls by means of the remote-cortrol
mechanism. After recovery, the model dives into =& safety net. A photo-
graph of a model spinning in the test section of the tunnel is shown in
figure k.

The spin deta presented herein were obtained and converted to cor-
responding full-scele velues as described in reference 1. The turns
for recovery were measured from the time the controls were moved to the



L = SRNRE NACA RM L50F19a

time the spin rotation ceased. For recovery atiempts in which the model
struck the safety net while it was still in a spin, the recovery was
recorded as greater then the number of turns from the time the controls
were moved to. the time the model struck the net as, for example, > 3.

A greater-than~3-turn recovery does not necessarily indicate an improve-
ment over-a grester-than~8-turn recovery. For recovery attempts in which
the model did not recover in fewer than 10 turns, the recovery was
recorded as . When the model, after being launched with forced rotation
into a spin, ceased rotation without movement of controls, the result was
recorded as & "No spin" condition.

In accordance with standerd free-spinning-tunnel test procedure,
teste were made to determine the spin and recovery characteristics of
the model at the normel spinning control configuration (elevators full
up, ailerons neutral, and rudder full with the spin) and at various other
aileron-elevetor control combinations including zero and maximum settings
of the surfaces for various model configuretionse. Recovery was generally
attempted by repid full rudder reversal. As is customary, tests were also
performed to evaluate the possible adverse effects on recovery of--small
deviations from the normsl spinning control configuration. For these
tests, the ailerons were set at one-third of the full deflection in the
direction of slower recoveries and the elevators were set &t full up or
two-thirds of—their full up deflection whichever would cause slower recov-
eries. Recovery wes attempted by repldly reversing the rudder from full
with to only two-thlrds against the spin or by simultaneous rapid rudder
reversal from full with the spin to two-thirds againast the spin and move-
ment of the elevators down, the latter method-being used particularly
when the model loading was chlefly along the wings, a Joading for which
elevators are often effective in terminating the spin (reference 2).
This particular control configuration and menipulation is referred to as
the "criterion condition.' Recovery characteristics of the model are

congidered satisfactory if recovery from this condition requires 2% turns

or less. This value has been selected on the basis of full-scale airplame
gpin~-recovery data that are available for comparison with corresponding
model test results.

PRECISION

The data obtained from the model tests are believed to be accurate
within the following limits:

R =Y = T - O 4 X
¢,degrees e @€ ® @& ® & § & & ® e &€ ¢ ¢ ¢ & ® ¢ s s g & = s T s = il
V, percent e o s e 8 s o 4 s o s o 8 o s 8 4 e & o 6 s e s e . s 5.
Q,Percent -III..ICIIll...l‘l.ll..ll..' tz
Turne for recovery (from motion-picture records) . . . . . . . . « :t%
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Comparison between spin-recovery results of alrplenes and corre-
sponding models (reference 3) indicates that spin-tunnel results are
in agreement with full-scale spin-recovery results about 90 percent of
the time and that, even In the other 10 percent of the time, some indi-
cation of full-scale spin and recovery characteristics can be obtalned.

The limits of accuracy of the measurements of the mass cheracter-
1stics are bhelleved to be:

Weight, percent .« . . & & & ¢ ¢ ¢ ¢ ¢« o ¢ ¢ o ¢ o o o o o o« o« « o « %1
Moments of inertia, percent . . . . . ¢« 4+ ¢ & ¢ 4 4 4 o v s e v .. 5

The controls were set wilth an accuracy of #1°.

Because of small inadvertent changes during testing, the measured
welght and mess distribution of the model may have varled by as much as
the following asmounts:

Weight, percent . . ¢« ¢ ¢« ¢ o ¢ ¢ ¢ ¢ o s o« ¢« o « & 1 low to 2 high
Moments of ilnertia: ’

Ix, percent . . . 4 ¢ 4 s e e s a4 & o 2 s 2 o & & 5 low to 12 high
Iy, percent . . o o o o @ e b e e a e e 0 .. s 5 low to 10 high
IZ’ Per_cent e e.e e e e e @ s s & s a4 o« & & & & . 5 Jow to 6 high

TEST CONDITIONS

Teble IT presents the full-scale mass characteristics and inertia
parameters of a corresponding airplene. The inertis parameters are
plotted in figure 5 which can be used as an aid in predicting the effects
of controls on spin and recovery characteristics as discussed in
reference 2. '

The normal control deflectlons used for the current tests were:

Rudder, degree8 . v v ¢ o « » « o o o =« "« « « « « « 30 right, 30 left
Elevons, degrees:
As elevators e s s e o 8 s e 8 4 4 o o e & s & & s 20 up, 10 down
As ailerons « 4 s e e & o e 8 e e s e e s om e 15 up, 15 down

A few tests were also conducted with the elevators set at 25° up.

Intermediate control deflections used were:

Rudders, two-thirds deflected, degrees . . + . . . « ¢« o &« o &« . . 20
Elevons, degrees: _ o o
Deflected &s ailerons, one-third , . , ., ., . ... .. 5 up, 5down
Deflected as elevators, two-thirds up . . . « + & ¢ ¢ ¢« ¢ & « « & 13%



6 L - NACA RM L50F19a

The differential deflections of the elevons resulting from latersl
stick displacements are added algebraically to the elevon deflection
resulting from longltudinsl stick displacements. All tesis were per-
formed with the model in the clean conditlon (cockpit closed, flaps
neutral, and landing gear retracted) and in an erect attitude.

RESULTS AND DISCUSSION h

The results of the investigation are presented in charts 1 to k.
Right and left spin results are similar and the results are arbitrarily
presented in terms of right spins.

When the loading wes chiefly along the wings (chart 1) the model
generally would not spin for either tell configurastion when the ailerons
were neutral or ageainst the spin (stick left in a right spin) regardless
of elevator setting. When the elevators were full down and ailerons
full against, a spin from which recovery was slow was indicated as
possible; this spin was probably attributsble to the large downward
setting of the inboard elevon. Neither tail configuration was adequate
in terminating the spin satisfactorily at the 'criterion condition” by
rudder movement alone, although movement of the elevators to neutral or
down wee Indicated to be effective. If allerons were allowed to remsin
full with the spin, satisfactory recovery was not possible.

When the loading was chiefly along the fuselage {chart 2), the
alleron effect was reversed and ailerons ageinst the spin led to poor
recovery characteristice whereas ailerons full with the spin led to
rapid recoveries for either tall configuration. The results indicated
that neither tail configuration would satisfactorily terminate the spin
from the "criterion condition.” A few brief tests made with the elevons
set to simulate an increased elevator-up setting indicated a favorable
effect. -

In an attempt to increase the effectlveness of the vertical tails
in a spinning attitude both the single and twin tails were moved longi-
tudinally resrward by increasing the tail lengths by approximately one-
third. As indiceted in chart 3, there appeared to be little effect of .
this change for efther tail when the mass was distributed chiefly along
the wings. When, however, the mass was distributed chiefly along the
fuselage (chart 4) satisfactory recovery characteristics were obtalned
for both tail configurations. This result is in general qualitative
agreement with the criterion for vertical-tail design requirements for
alrplanes having horizontal tails (reference 4).
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CONCIUSIONS

Based on an investigation of a model of a swept-wing fighter type
of airplane with no horizontal tail and having either a single vertical
tail on the fuselage or twln vertical talls on the wings, it may be
stated that:

l. For loedings in which the mass was distributed chiefly along
the wings, neither design was adequately effective in satlsfactorily
terminating the spins by rudder movement slone, and satlsfactory
recovery from the spin was contingent upon use of elevator or ailerons.

2. For loadings chiefly along the fuselage, both tail designs led
to satisfactory spin recoveries 1f the vertical tails were located at
& rearward position.

Langley Aeronautical Lshoratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABIE T

FULL~SCALE DIMENSIONAL CHARACTERISTICS OF A FIGHTER

) TYPE OF ATRPIANE AS REPRESENTED

t

BY THE MODEL (-2% SCAIE)

Fuselsge length, ft . . . . « « . &

Wing:
SPEN, L o « o o o o 4 o o a e e e e s e e e e e e e .. 2683
Area, sq £t . . . . e e e e e ee s s s s e s e e . 200.00
Incidence (root and tip), deg e e s e s e e e e e e e e 0
Agpect ratio . . . e e o s o o & & & o & o o 4 3,60

Sweepback (at quarter-chord line), dEE . e 4 . . .
Dihedral . . ¢ ¢ ¢ o« ¢ o s s o

Elevons:
Span, percent of wing semispan . . . « « ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o . ks,

Vertical tail (single) volume, ft3 (area of surface times tail length):
For taill in original position . . « + « « & ¢« ¢ « «
For tall moved rearwaX@ .« « o o« = o« « o o o o a s = o o o o » ohhy

Vertical tail (twin) volume, £t3 (area of surface times tail 1ength)
For tails in original poeition ., . ¢« . ¢« ¢ o & o ¢ & o 4 e . 192
For talls moved re8rward . « ¢« v v = « o o o o & o« ¢ o s 2 o & 259



TABLE TI
MASS CHARACTERTSTICS AND INERTIA PARAMETERS FOR LOADING CONDITIONS TESTED ON A MODEL
(513 SCAIE) OF A FIGHTER AIRPLANE

[Model values converted to corresponding full-scale values; moments of inertie are given
about center of gravity)

0T

Moments of
Airplane relstive| inertia Inertie paremeters
density, u (slug-£t°)
Loading Weight ;
(1p) Test Io - T _ L -1
see | grpttnge | Ix | Ty | Ip | F—pt | Lo |HA—X
levell(15,000 f£t) b P e

1 Chiefly along wings 6815 | 16.59| 23.36  [3910|27h9| 6534 T6 X 107% -249 X 1072 173 % 10k

2 Chiefly along fuselage| 6815 16.59 23.36 |2381|3787|60k1f -92 X 1074[ 148 x 107 240 x 107%
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GEART 2.- SPIF AYD RECOVERY CEARACTERISTICS OF KODEL LOADED CBIRFLY ALONG THE FUSELACE

[Loading point 2 in table II and figure §; recovery attempted from &nd stesdy-spin data prosented
for Todder-with apins to the pllot's right; recovery by rapid full rudder reverssl unless
otherwise statedl

&0

>270[0,41

chl' oh,

{a) 8ingle-tail configuration (b) Twin-tall configuration
33
Sl;ntor
25 up Tlevator 25° up
Ho|spin ™ — Ro [spin 12283
1
B2
b b - ‘e
v H - u
a_; 100 % g g; kp g4 E{ 6D
.8 5 e
217)0.36 Ei »258 >290 3)0.35)  F e 73 | 0,49
. b
4 o A 4, & Aol z dy d] ¢
2, 4 ii % 2] I » 7 , 4 '22 3 ;; >l
Ty
Clevatos boum KBu
: evato! 270 lo.ng | H éEe g :"E : zlautor -
Jw g Tvo | Tonditions possible T Twn | conditions possible
[34 de  Jde " b b de, de
[T) 15g >3,>3 0 “nl gg 1 > b, >5 ﬁ 10
BB Allerons B)E Allerons » Jid
full sgainst full with
233 [0.38[< ook tere) 258) 042> 50k lotter 2354 2271036 252 | 0.45
-} d right) Q, ai &
o0 | 55,561 3 1 L “E 00,6 wm |9,
TED
HEHELS :
£ Two yoonditions possivle b 0 ,Two y conditions possible
Ly |y A
93 |30 Bh | au
22710,64 ) 270 | 0.35{> 287 >336 221 283 ¥ spin
B 13 og
@, 0 5&0-1 &. ,’f é, Y o @ @, ®
‘1-.nanr!.n¢"' spin, . Model valuss
Pytesdy spip dats not availsble. : anortc:d;o
SResovery attempted before model resobsd final attitude, oorresponding
dyigusl observaticn, ) guli;;:;i:,_;;l:;‘
®Racoyery attempted by movemsnt of the rudder from full with to two-thirds " D inner wing down

against spin.
Tyodel cseillatory in roll, piteh, wod yaw.
£icdel recovera in an inverted dive,
hgpen recovery model goes into & wide spiral.
"s!:up apln.

»%

@3.0
IE,' >1

2595
s °of

a ¢ W
(deg)} {deg)

bR

\J Q
{tps)] {rps)

Turns for
T0OVEry
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CHART 5.~ 3PIN ARD REGOVERY QHARACTERISTICS OF MODEL LOADED ONIEPLY ALORG TEE WINGS.
SINGLE AND TWIN VERTICAL TATLS MOVED REARWARD.,

[Loading point 1 in tabls II ard flgure
. prosentad for rudder-with spins to t

roverasl unless otherwise atated]

2} recowary uttomptsd from and stesdy-spin data
he pilot's right; recovery by rapid £ill ruvAder

a
{a) Bingle-~tall omrmntlon& g.‘.’..;
- &
43| 3 55 | 4D
¥o Jeopl Ao »p er10.31) | 245 |o.38
'y ™ _
>%, >3 b3 5
&
58l ug
tal13
de|2d
23| anp
Allerons Allerons
011 againet full with ’#
¥ol spiny (Btick 1ert) | Mo opin [(Atior yagney | 237P-54
» 5, >ll21‘
) ~
1
o} "
bH|SE
B Efas
41 | 6o 21| 18D
a2 h.bo Ro ‘npln 2771 p.70
1&, 1& . 13.,» L

“Recovary sttempted by movement of rdder from full with to
two~thirds againat the spin.

(b) Twin-tail sonfiguration

o fpin loh{iin agp o.3sl 245 Jo.h5

]
43 | 3D
i Yo L-pm Ro jspin ™ 217 bo.s0
L - -]
2D
ML B|
215 j0.51 Nojspin 274 p.do
Gé'l w o0 ,00
a ¢
tdeg) | (deg)

Model values

cenversed to ¥ n
eorrasponding (fps) § trpa)
full-scale valuam,

U inner wing up Yurng for

D inner wing down recpvery
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CHBART 4. SFIF AND RRGOVERY CHARACTERISTICS OF MODEL LOADED CHIEFLY ALOEG THE FUSKLAGE,
$IRILE AND TWIN VERPICAL TAILS NOVED REARNARD.

[Lomding point 2 in teble II &nd flgurs 5; Tecovery sitemprad [rom and ateady-spin datx
presented for rudder-with spins to the pllot's right; resovery by repld full rudder

reveraal unloxs otharwise sts
il

(a) Slugle-tail configuration

& [}
a
> 47 [11p
2
>350) LR >300 256 [0, 31
-t
PR AN bk 133
Flevator bLE A 'Sg.
- up o o~
27jo. £2lid
nz (a8
? g- E 37| w
i Allegrons - Allerons
full lagaines . full with
258 |0.36 250|0.31
1
oo 3}
N —_~
3§ "?I
o [-]
Ealai
] .
JHEaE "
53 | 20 :
22710.38 > 300 ! > 300
>8,2>6 % é

S5teady spin deta not svailable.

acovery attempted by movemsant of the rudder from full with
to two-thirdg wasinat the apin.

(b) Twin=tail sonfiguratlon

»
g &
> 300] E 5 > 500)
1 3 1
7| F 2
!!rim‘o's'—'
b A A
P> 3001
bl bl ™
% | 150 » 2
50 | 15D
212(0. 44 o > 300
@, o -
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g0 | 22D 47 |
215]0,54 25301 0,82
1, 1
] ©r

> 500

17, 2%

Podal valuaw
converted ta
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D ipner wing up
D lpaer wing down

P 3008

L £
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Turns for
recovary
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(a) Single-tail configuration.

Figure 1.~ Model tested in Langley 20-foot free-spinning tunnel.
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(p) Twin-tail configuration.

Figure 1l.- Concluded.
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Figure 2.- Model with a single vertical tail ingtalled on the fuseltge.
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(a) Single-tail configuration.

———— Original tail/ position
' Rearward posrfron

(b) Twin~tail configuratiom.

Figure 3.- Model with single and twin vertical tzils installed in
both the forward and rearward positlions.
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Figure 4.- Model spinning in the Langley 20-foot free-spinning tunnel,
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Figure 5.- Inertias parameters for loadings tested on the model
(points are for loadings listed in table IT).
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